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The Energy Transition:
Implications for Geoscience - a View from the North

. 2=+ Three themes:
i « What and why
1y Impact on research
~* Effects for geoscientists
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The Energy Transition

How it is viewed by man

ICRA
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Why the Energy Transition?
Countries that have

L
-

Countries where a climate

emergency has been

declared as of December

2020, either for:

* the entire country (dark
blue) or

* only for some subdivisions ~
(light blue)

mons.wikimedia.org/w/index.php?curid=80273105
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Why the Energy Transition?

Worl
in Data

Nature, 3 January 2002

natural behaviour for many millennia to

surroundings.” Teilhard de Chardin and

concepts

¥ The size of the world population over the last 12.000 years

7.7 billion in 2019
7 billion in 2011

86 billion in 1999

Geology of mankind The Anth qc’
gy u 5 billion in 1987
o ) i The Anthropocene could be said to o
Paul J. Crutzen .n'lcrruu: lt: the ’anlhmpn/m\ era”. And have started in the late eighteenth Q
in 1926, V. I. Vernadsky acknowledged y 4 bill 1975
'or the past three centuries, the effects  the increasing impact of mankind: “The century, when analyses of air trapped o Malninti
of humans on the global environment  direction in which the processes of evolution | in polar ice showed the beginning of S
have escalated. Because of theseanthro-  must proceed, namely towards increasing : i
Yo P : L . wing global concentrations of
pogenic emissions of carbon dioxide, global  consciousness and thought, and forms growng % :
climate may depart significantly from  havinggreat d greater influence on their carbon dioxide and methane. E F iihon | 1560

2 billion in 1928

1.65 billion in 1900

990 million in 1800
600 million in 1700
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Why the Energy Transition?
Kt The size of the world population over the last 12.000 years " ‘
g 4
o’\r
[ on g 6 billion in 1999 (’
()
8 5 billion in 1987
Energy and CO, g.
& 4 billion in 1975
track population =
ﬁ 3 billion in 1960
c
) < 2 billion in 1928
1.65 billion in 1900
990 million in 1800
600 million in 1700
4 million in 10,000 BCE s s bt gyt bl b}’ A I Eurooe e 500 miton pecel
“o.0008CE 8,000 BCE 6,000 BCE 4000BCE 7000 BCE 0 2000 e ——————
BY.-SA ) .IR‘SHCBFOPQQ




2/16/21

PR 50%ohh'a
_energy mix
=
P e = S
The Transition will take time.
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https://www.dnvgl.com/news/authors-of-energy-transition-outlook-make-its-dataset-freely-available--143475 ICRAG
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The Energy Transition
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The Transition will take time.

= i : /\’ @
While we are now feeling the effects of the Energy Transition on fossil
fuels (coal, oil, and natural gas), all will continue to be used and must
be produced for several decades. There is a question as to how much

more we need to discover.

L]
https://www.dnvgl.com/news/authors-of-energy-transition-outlook-make-its-dataset-freely-available--143475 | C R AG
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et World population growth, 1700-2100 ...
_/\_Annual growth rate of the world population §
__AMworld population

Time we have for the
Energy Transition —

ONE GENERATION

1700 1750 800 185¢ 1900 1050 2000 )
1700 50 80 850 1900 1950 2000 549 '
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Where We Are Today — Fossil Fuels Losing Steam

S S _ e
w ‘ ™ » M | &M | Y10 | 1y 10v | MAX Price Vs S&P500 wind and solar producer tops Exxon as most
EIxoM B S&P 500 Index valuable U.S. energy company

o Share W Like (1) © Comment (2)
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Where We Are Today — Fossil Fuels Losing Steam

Ehe Washington Post

Oil companies’ losses in 2020 were
staggering. And that was before the
government focused on climate change

* Getting more
pronounced ....

A bad global economy, Biden's climate change priorities and the promise of all-electric
vehicles are feeding petroleum pessimism

By Will Englund

-

Feb. 4, 2021 gt 1:34 p.m. GMT

Conoco Phillips announced this week that it lost $2.7 billion in 2020. BP and Chevron each

lost just over $5.5 billion. ExxonMobil posted a loss of $20 billion.

Fossil Fuels also Losing Steam in Australia

ASX 300 vs fossil fuel dominated ASX 300 Energy

™AustraliaInstitute

——ASX 300 ~———ASX 300 Energy

Energy transition
appears to have
started in 2012.

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
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Energy Transition’s Human Face — Unemployment in Houston, TX

FRED -~ — ploy Rate in The Sugar Land, TX (MSA)
15.0
125
Data through Nov 2020
. Recent unemployment levels due to both
8 . .
& cyclic energy price and COVID-19.
75
5.0
25
1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
U.S. recessions are shaded; the most recent
end date is undecided. Source: U.S. Bureau of Labor Statistics fred.stlouisfed.org

¢ US Bureau of Labor Statistics
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The Human Dimension

But a transition from 0&G employment?

Employment status of 2014-2018 geoscience graduates, Industry sectors of employed recent geoscience graduates,
Feb-Dec 2020 December 2020

1008 —asnsnsaviacassisaresesaemtosiiiiisosibacetone

L I e e L T 2D Agriculture, Forestry, Fishing and Hunting 1 0.4% |

b 08G 4.2%
Fow —— N e—— Mining 0.8%
g st Utilities § 0.8%
5 oy Construction 1 0.4% Other industry 2.8%

gg: /\/ s Manufacturing | 0.4%
10% — Transportation and housing 1§ 0.8%
0% —_— @eﬁ?_ 1215 — Enviro Serv 12.1%

Feb May Jun Jul Aug Sep Oct Nov Dec K-12 Education W 3.4%

— Academic faculty e K-12 faculty 2-year College W 1.5%
= Post-doc Enrolled in degree program 4-year University [ 4 1.7 %
~——Non-academic geoscientist ~——Unemployed Research Institute 1 0.4%
== Employed NGO 5.7%
Credi AGS data from AGTs Geosciace COVID 19 Survey Federal Government |EEEEEEN 8.0%
. . State Government  —144%  Govt. 24.7%
Little evidence of decreased Local Goverment I 23% 0
. Other W 1.9%
employment in 2020 due to Energy f .
of employed recen
Transition or COVID-19. R At ot o S Goscienc COVI A9 Sy

AGl data, 2021 .
i ICRAG
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COVID-19 and the Energy Transition

The pandemic has spurred new
ways of communicating and
conferencing that will permanently
alter travel habits and work
patterns, with the potential to save
significant energy.

iCRAG

17
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The Energy Transition — Research
Impact on the iCRAG 1 Research Centre

B 71N

* Established in 2015 (/ joined as Director 2018)

* One of 17 State-funded National Research Centres 2}\ / #j
* Inludes researchers from 5 universities and 2 institutions mm -

* Goals of Centre:
- Help unlock Ireland’s natural resources (offshore petroleum; onshore minerals)
- Contribute to securing supply of energy and safe water
- Educate and improve understanding of geosciences
- To achieve international excellence in applied geoscience research.

i i BUCC = @DIAS { awiiing
i 4 N —

.5y Dublin Universty Cologs Cork el

£ Gaillim
Coldiste na hOliscolle Corcaiah efeiand Mmoot Sy — .
The University of Dublin I A
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iICRAG 1 Research Centre (2018)

Jointly funded by Science Foundation Ireland (€18M) and industry (€8M)

National & EU Funding Bodies <+ Geoscience State Bodies

Ireland’s European Structural and ‘ alg

Investment Funds Programmes
2014-2020

‘ 1 el d EXPLORATION
Co-funded by the Irish Government - lr an & MINING DIVISION
nd the European Union Y

/| Petroleum Affairs

Ireland

European Union
European Regional
Development Fund

V - Geological Survey
H Suirbhéireacht Gheolaiochta
FOU?];I:{IIgﬁ S epc Ireland | Eireann

Ireland For Whatls neXt Environmental Protection Agency
.
iICRAG

iICRAG 1 Industry Partners (2018)
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N Y 5 e[
woodside Yo
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LN ODWYER ;(kicON
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Over a third were O&G companies.

ICRAG
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iICRAG 1 Research Centre (2018)

* 150 researchers

* 5 research Spokes
* 4 research Platforms to support Spokes

[11 Principal Investigators ]

41 Funded Investigators

45 Post-Doc researchers

45 PhD researchers

8 MSc students

4 Other (RA, 1T, Snr. Geo) The Centre was funded from day 1

by O&G money and hydrocarbons
research dominated the agenda. .
ICRAG

— . J _J« . __J_J_J

9 Operational Staff

YA Y T YO YO

The Energy Transition - Impact on the iCRAG Research Centre

* Centre was funded to end 2020.
* In 2019 a proposal was prepared to secure funding for a phase Il.

* But the world was changing....

FORM GOVERNMENT

& FG-FF-GREEN PARTIES
- Nov. 87
: SEPT. 23RD GOVERNMENT ANNOUNCES. ADOPT POLICY TO BAN
5 1 I\ ] -2 CLOSURE OF PEAT POWER ALLHYDROCARBON
%) b v o TroisERcH ANOUNCES BN PLANTS 3 . EXPLORATION IN IRELAND;
=) JUNE 16TH \ - p i POLITICAL FOCUS ON
e @ GREEN DEAL

@ / IRELAND PUBLISHES ~ GAS EXPLORATION TO REMAIN
May 10TH CLIMATE ACTION PLAN @

IRELAND DECLARES
CLIMATE EMERGENCY

LOCKDOWN OF IRELAND
GENERAL ELECTION DUETO COVID-19 May

FEB. 8TH MAR. 12TH I

MAR. 15TH
THOUSANDS OF STUDENTS.
STRIKE FOR CLIVIATE
ACTION IN DUBLIN

CLIMATE ACTION
PLAN 2019

To Tackle Climate Breakdown ‘

ICRAG

22
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Description of Energy in iCRAG

The Energy Transition _
Impact on the iCRAG 1 2018 — petroleum, natural gas, geothermal and wind

Research Centre 2019 (first iCRAG2 proposal) — natural gas, wind, geothermal
2020 (modified iCRAG2 proposal) — wind, geothermal

ICRAG1.1 ICRAG1.2

The Energy Transition — resoonces

EARTHSYSTEM

Impact on the iCRAG Research Centre

* iCRAG2 is now organized around 3 grand challenges.

* Only renewable energy is highlighted.

* Hydrocarbon expertise is being utilized in: === =3
* Reservoirs and storage — geothermal and carbon capture and storage (CCS).

* Climate and environment in defining paleoclimate from offshore geology.
* Significant inputs into marine and onshore geology research.

* Major focus on raw materials - critical metals (especially battery metals) and construction
materials.

* Water remains a major focus.
* New focus on climate and environment.
* New focus on responsible decision making and geoscience (addition of social scientists).

ICRAG

12
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What Does the iCRAG Journey have to Tell us about the Energy Transition
and Geoscience Generally?

~ -~

DOOM GLOOM

ﬁ X3 »
ARE
HERE

An era of significant, cyclically available research funding (and long-term high
paying permanent employment) from the O&G industry is coming to an end...

ICRAG

The Energy Transition
iCRAG focus areas probably mirror those for most geoscience research groups
going forward

* Water

* Minerals (Raw Materials)
£+ Environmental
H ‘ * Hazards

v

"ws
i
Y L
Q. ﬂ * Climate - particularly past climates and effects in present.
[ERE——

ICRAG
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These are also the Geoscience areas needed in a Climate Emergency

3 -y',“ - ' v
e i o
‘ Hazards =

g S

h‘, ﬁ ¢ Climate - particularly past climates and effects in present.
—————

R

Water, water, water .....

* Too much * Too little * Too polluted

There will be jobs in academia, industry and government in water and a host of
research problems that can be funded.

(RS

14
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Raw Materials (Minerals/Metals)

Providing efficient,

low carbon energy

There will be jobs in academia, industry and government dealing with
minerals of all kinds, and a host of research problems that can be funded.

ICRAG

Raw Materials Needed for IT Infrastructure

The Cloud

@9\?/29

Ay

/ '\
000°
https://hydrosystemsco.com/taking-technology-to-new-heights/ We think of Iight and ﬂUffy things...
ICRAG

15
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Raw Materials Needed for IT Infrastructure
The Cloud
. e o http://eeindia.blog‘spot.com/2011‘/12/cloud:computing—technoloy.html

https://hydrosystemsco.com/taking-technology-to-new-heights/ The CIOUd iS made Of METALS
ICRAG

Raw Materials — Changing Needs

Technology is growing more complex

Old New

] (] T+] [ve]

Li | Be BIC|N|O]|F|Ne L | Be CIN]JO|F|Ne
Na | Mg Alsi|P s |C A Na | Mg AlSi|Pls|c|Ar
K|Ca|Sc| T |V |G |M|Fe|Co|Ni |Cu|Zn|Ga|Ge|As|Se]|Br|HKr K|Ca|Se| Ti|V|Cr|M|Fe|Co| N |Cu|Zn|Ga|Ge|As|Se|Br|Kr
Ro|Sr| Y|Zr |No|Mo|Tc|Ru|Rh|Pd|Ag|Cd| In|Sn|Sb|Te| | |Xe Rb| S| Y |Z |No|Mo| Tc | Ru|Rh Ag|Cd|in|Sn|sbfTe| | |Xe
Cs|Ba|La|H |Ta| W |Re|Os| Ir | Pt |Au|Hg| Tl | Pb| Bi |Po| At |Rn Cs|Balla|Hi |Ta| W |Re|Os| Ir | Pt |Au|Hg| T Bi | Po | At | Rn
Fr|Ra|Ac| Rf |Db|Sg|Bh|Hs| Mt |Ds|Rg| Cp F Lv Fr|Ra|Ac| Rf | Db | Sg | Bh | Hs | Mt Rg| Cp A Lv

Ce| Pr|Nd|Pm|Sm|Eu|Gd| Th Ho | Er | Tm | Yb | Lu Ce | Pr|Nd[Pm|Sm|Eu|Gd]|Th Er [Tm] Yb | Lu

Th U | Np | Pu Cm| Bk | Cf | Es | Fm|Md | No| Lr Th|Pa| U |Np|Pu|Am|Cm|Bk | Cf|Es|Fm|Md|No| Lr

~30 elements ~75 elements ICR /\G

32
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Precious metal pyramid - top
of Washington Monument

Platinum
Other ECEs
Group Elements
A 5 6 7 8 g 10
Rare Earth Photovoltaic B c N o} F Ne
swoe | caman | mmagen | omgn | Fuea | een
Elements ECEs = 200 | 1201 | oo | 9o | s
13 14 15 16 17 18
Battery metals Si P Ci Ar
Alamiciam iivon  |Pugbous| - Sullor Chbrine A
- 2526 Mosoz | sosr | aeor | ssas | sees
22 23 24 25 26 27 28 29 30 a3 35 38
Cr | Mn | Fe | Co Cu | Zn As Br Kr
vansciom | Caemivm frasnaness| e Cobat y Capper Zi Areric Somine | Keyptea
som | seon | 1o | sses | sees | coeu | esss | ssae 2¢ 350 | wssr
41 42 13 435 50 51 83 4
Nb | M (4 Cd Sn | Sb I Xe
tactr |sebtaum| ccrresur Caamum o | smmary icare | xancr
92.91 25.3¢ i3] 112.41 1a7 | 12178 12600 | 121.29
73 74 73 0 81 52 [} 5 (3 55
Hf Ta w Au | Hg Tl Pb Bi Po | At | Rn
Hativn. [ Tenawen | Torgeten oi | ey [ T | tose | Birwn | R | Asaing | Raceo
1784 180.95 185.61 19697 | 20055 | 204.38 2072 20808 (208} 210 222
i 5 | 106 | 107 | 108 | 108
D
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(2652 12651 f264) 2681 (268)

In 1884 Al was same

price as Ag

Raw Materials and Energy

Unsurprisingly, metals production (copper) tracks

* Population,
* Energy, and
* CO,.

Data from USGS, CDIAC, Statistical Review of World Energy

20
(BB T size of the world population over the last 12,000 years
15 [
3 . }
2 Population
E 10 |
4 | (,OQ
H 100 years:
a 5 == = —
l\*/\‘ »
— »
1840 1860 1880 1900 1920 1940 1960 1980 2000 2017

years

2/16/21
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Raw Materials — Changing Needs

Technology is growing more complex

17



2/16/21

Raw Materials (Building Materials)

Shanghai 1987 The Atlantic magazine

Shanghai 2013

energy efficient infrastructure in the developed world and to start construction of
energy efficient building in the developing world. .
ICRAG

35

Raw Materials Fun Facts
R N ¥ ; ‘%) < - 3

‘! $ £ Ciaran Seoighe
% @Ciaran_Seoighe

Friday Fact: How we manage
%, Earth'sresources is a Grand
=, Challenge. Global copper
~ production is 22x higher than
: 100 years ago & China used
§ more cement in the last 3 years
. than the US in 100 years! Check
- out potential solutions
" @ICRAGcentre @UNESCO
sfi.iefresearch-news]...

12:03 PM - Jan 29, 2021 - Twitter Web App
i% 4 Retweets 11 Likes

9 e’ L o

R
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More Raw Materials Fun Facts

* Metals make up a minority of global commodities by
production, volume and value.

* The majority of mineral commodities produced are not
exported.

* Large-scale multi-national mining companies are relatively
speaking minor players in the global minerals sector.

* The vast majority of materials mined are rarely noticed by
society (quarries, sand pits, etc.).

Daniel Franks — Program Leader
Sustainable Minerals Institute, University of Queensland
9 Feb. 2021

ICRAG

Environment

* Really too broad a term.

Northern Territory

* But there will be “environmental”
jobs in academia, industry and
government and a host of research
problems that can be funded
throughout the Energy Transition.

* Geoscience is foundational along
with bioscience for what are now  mcquatornia

B Tropical

termed environmental studies. e
i Temperate

19
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Climate

* Too many think of climate scientists as
only modelers.

* However, the modelers require data - of
the present and from past climates - these
data come largely from geoscientists.

* The public thinks of “climate change” in
terms of the future of the planet — Earth
scientists study its past and present and
are critical to predicting its future.

ICRAG
39
[

Hazards

* Of critical, and growing,
importance with climate change
as we respond with both
mitigation and adaptation.

* Research and jobs from the very
geo-technical to statistical
(insurance).

* Will be growing requirement for
individuals with skills in _
geohazards in private sector and
government.

20
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Biodiversity depends on Geodiversity

* The biosphere which supports life on Earth extends
- ‘* upwards from the Earth’s surface to the Troposphere
(19 km) and down to possibly 5 km below the Earth’s
‘ surface, a total thickness of about 26 km circling the
globe.

* The biosphere represents approximately 0.4% of the
Earth’s diameter (12,742 km) (It’s small!)

* Understanding the geodiversity of this thin band
around our planet is crucial to preserving
biodiversity.

Humans Link the Spheres in the Anthropocene

Biosphere Hydrosphere

W

Geosphere Atmosphere

21



I The Energy Transition —

Poak primary 1

Though fewer will be employed in the fossil fuel sector moving forward we
need to preserve their knowledge and skills.

50% of the
energy mix
I vemtomtihare is non-fossil

19% of the
lnnergy mix

* The ceiling of the Pantheon in
Rome is 2000 years old and is the
largest unreinforced concrete
dome in the world.

* We still do not know exactly how
to make this Roman concrete
though recent mineralogical and
material science research is
providing clues.

2/16/21
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Let’s not forget what we know now

* The technology and knowledge in the
oil and gas industry is astounding.

* How do we ensure that the knowledge
and expertise is not lost and that it is
put to use to solve other societal
problems including the Climate
Emergency?

An Example from an Earlier Era to to Retain and Retrain

e * At the end of the Cold War USSR and USA

scientists worked together on nuclear
arms reduction and the spread of nuclear
know-how.

Nonproliferation and Threat Reduction
Assistance: U.S. Programs in the Former

Soviet Union

Amy F. Woolf
Specialist in Nuclear Weapons Policy

* Perhaps in the Climate Emergency some
governments should work to preserve
and utilize the incredible technology and
knowledge of the multi-national 0&G

companies?

March 6, 2012

ICRAG
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For Example — BIG Data / Al

* The BIG data produced and utilized by
the O&G industry provides superb data
sets and ideas for how to manipulate
and approach machine learning.

CHANGE IN PRECIPITATION BY END OF 21st CENTURY
inches of liquid water per year

* Taken together with machine
learning in other geoscience areas
(climate, hydrology, etc.) there is a
rich future for geoscience-data
science fusions.

ICRAG

All is not
DOOM GLOOM

- =

You are actually here

ICRAG
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Energy Transition

All other forms of energy
technologies require
geoscience materials and
knowledge.

Rl B Ll Ll \\_,Lb

Cycc c

Geoscience skills needed throughout:
* Discovery & production of materials
* Environmental treatment of all wastes

* Materials stewardship to ensure produced
metals/materials stay in use as long as
possible

http://podgoricki-klub.me/userfiles/file/1st%20forum/prezentacije/Karen%20Hanghoj_Science%20and%20Innovation%202030_hanghoj.pdf

ICRAG

25
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“Circular economy is based on the principles of

* designing out waste and pollution,

* keeping products and materials in use, and

* regenerating natural systems.”

Ellen MacArthur Foundation

%SL pea|
%/ T 19ddod

%SS JOA|IS
%T wniwApoau
%0 Wiyl

Recycling Input Rates (EU Raw Materials Scoreboard)
Ellen McArthur Foundation

We have a long way to go...

ICRAG

Those with less economic
ability often recycle more
than those of us with more
economic ability - perhaps we
need to learn from them?

ICRAG

26



Supply Chains in the Circular Economy

https://kit.exposingtheinvisible.org/en/what/supply-chain.html

Geoscience forensic examination of
materials —

* When produced,
* In manufactured products,

* In wastes from production,

manufacturing and post-usage, as well as

* Geospatial analysis of supply chains

is needed if the circular economy i
secure.

Geoscience will be critical to the
Energy Transition and geoscience
knowledge is required to ensure
that we successfully address the
UN Sustainable Development
Goals.

Geoscience
and the

2/16/21

s to be

ICRAG
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Sometimes a change of view (say from the South)
can help clarify things...

https://www.nasa.gov/topics/earth/earthday/gall_earth_night.html

Sometimes a change of view (say from the South)
can help clarify things...

Australia today relies heavily on
geoscience in terms of national GDP.

_ Though there will be undoubted change,:
“with for instance reduction.of the |
_thermal coal industry and a decline in oil

and gas exploration, there will be

" incrédible:OPPORTUNITIES.

https://www.nasa.gov/topics/earth/earthday/gall_earth_night.html iCR AG

28
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OPPORTUNITIES

* Booming mineral sector - especially battery metals (Ni, Co, Mn)
and IT metals (Cu) but.also infrastructure metals and:’
bulldmg/development materials (Fe, sand, gravel and stone).

* Growing environmental sectors.

. Everythmg water.

. Appllcatlon of geqsaence technologles and understandmg to;..

4 z 5 ,: 3
. 4 .
https://www.nasa.gov/topics/earth/earthday/gall_earth_night.html ICR AG

UNESCO Lecture Series

Environmental, Social and Governance Issues

UNESCO Lecture Series:
Earth Materials for a Sustainable
and Thriving Society

Earth Materials for a

Sustainable and Thriving Society
Organised in collaboration with IUGS and iCRAG
PROGRAMME

iCRAG has organized a lecture series
with UNESCO and IUGS with speakers
from around the globe — going on
until March 9.

https: //blt Iy/UNESCOLectures

mn 4:-:»- 8 Tt
II

Organising Partners For

ICRAG

dll be conducted in English with ive captioning in French, Spanish,
ahili, and Hindi

29
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